Partial Discharge (PD) is caused by the deterioration of insulation materials, whose detection and recognition are of great significance in preventing insulation breakdown and catastrophic failure. In order to solve these problems, this paper presents a detection system of partial discharge of switchgear based on the method of transient earth voltage (TEV). Partial discharge test of switchgear is carried out by four partial discharge models, and corresponding partial discharge data which will be uploaded to the computer are obtained. Due to the electromagnetic interference generated by the electromagnetic wave and hardware in the surrounding space, the reasonable de-noising of the partial discharge signal can greatly improve the signal-to-noise ratio, and it will be more conducive to signal feature extraction and pattern recognition. Wavelet de-noising based on the experience usually takes a fixed decomposition of the number of layers, but in this paper, a Mattat algorithm combined with the optimal decomposition level adaptive algorithm for noise signal separation and reconstruction is proposed, the result shows that the algorithm can be very well to filter out noise and retain the original discharge signal greatly. The characteristic parameters of the PD signal that have been de-noised are extracted, and BP neural network is used to identify the type of partial discharge of switchgear. The accuracy of different training errors is slightly different. When δ equals 0.001, the recognition accuracy of discharge pattern reached 98.5%.
INTRODUCTION
With the expansion of the power grid, power outages caused by the insulation failure of high voltage switchgear brings serious impact and great loss to the national production and living. Therefore, it is necessary to detect that if the operating status of high voltage switchgear is normal. According to the statistics, due to the fact that the accident caused by the insulation deterioration of switchgears accounted for 68% of the total number of switchgear accidents and 74% of the total accident capacity, practice shows that partial discharge is the main cause of insulation deterioration and partial discharge failure reason, so using a certain method to detect partial discharge is of great significance.
At present, the partial discharge detection methods of HV switchgear mainly include pulse current method, ultrasonic method(AE), ultra high frequency method(UTF), radio frequency method and transient voltage-to-ground method(TEV). Among them, TEV is a new type of switchgear detection technology, including discharge characteristics under different fault conditions, with high sensitivity, strong anti-interference and high accuracy of the test results, TEV is widely used in the switchgear insulation monitoring. 1 Domestic TEV research are based on the existing company's products, research content has some limitation. British company EA introduce the use of low-voltage detection equipment, but do not introduce its measurement methods and TEV signal characteristic information.
2 Domestic colleges and universities study the use of the instrument, and give the measurement of TEV process. 3 In this paper, we design switchgear partial discharge detection system based on TEV method and use TEV sensor to obtain partial discharge waveform which will be passed to the computer. A Mattat algorithm combined with the optimal decomposed layer adaptive algorithm is used to separate and reconstruct the noisy signal on the computer, and the defects of the switchgear are classified by BP neural network pattern recognition algorithm to get a good effect of switchgear recognition.
SWITCHGEAR PARTIAL DISCHARGE DETECTION SYSTEM AND DISCHARGE SIMULATION EXPERIMENT

TEV Detection System Composition
In this paper, a homemade TEV sensor is used to collect signals and a set of switchgear TEV detection system is designed. The system consists of TEV sensor, filter amplifier, power supply equipment and PC, which realizes the record and collection of partial discharge data. 4 
Experimental Platform Set Up
In order to obtain partial discharge information of switchgear under different discharge conditions and test whether it can obtain an effective partial discharge signal, this paper designs an experimental platform as shown in the figure 1. 5 The switchgear is the actual switchgear, and the internal model is actual discharge model, voltage is applied to both terminals of the test model, the TEV sensor is closely attached to the surface of the switchgear , the signal is transmitted to the GEN 3i data acquisition device by the shielded wire, the equipment which can meet the accuracy requirements is used to record data. 
Typical Defect Model Design
The defects in the switchgear cause partial discharge faults including that the surface of the insulator is dirty or damp; the connection of the high-voltage bus and the contact of the breaker is poor; the conductor and the inner surface of the cabinet have metal protrusions during manufacture and installation; sharp burr; the cabinet has removable metal particles, it has the ability to accumulate charges, when near the high-voltage conductor, the most likely to discharge; insulation defects and aging caused by the internal cavity, there are discharge defects. 6 For the above several types of switchgear PD, we designed four kinds of defect models, there are corona discharge(CD), needle electrode discharge (NED), internal cavity discharge(VD) and suspension discharge(SD), shown in figure 2.
Needle electrode Discharge Figure 2 . Four experimental discharge models.
Simulation Experiment
In order to obtain the characteristic parameters of partial discharge signals of switchgear, four typical discharge models are simulated, the signals are collected by TEV sensor and the data are stored in the devices of GEN3i. TEV sensor closes to the surface of the switchgear cabinet, the signal transmission lines use shielded cable. The design of the acquisition device can meet the accuracy requirements. Experimental measurement platform shown in figure 3 . According to figure 3, all experimental devices are installed, the voltage regulator is used to slowly raise the voltage until the partial discharge occurs, partial discharge detection system will record the PD signal and upload to the computer.
Partial discharge test of the four discharge models can be achieved, different discharge models which generate PD time-domain waveform is different, and different models are in the stable partial discharge, the field strength of the discharge is also different. When the external voltage is increased to stable partial discharge, the discharge time-domain waveforms of the four discharge models are shown in figure 3. 
DATA DE-NOISING
The core of wavelet de-noising is the Mallat tower decomposition algorithm. 7 Noise is mainly hidden in the high-frequency components, so PD signal de-noising is a selective filter or reduce some of the detail coefficients, the reconstructed signal will be close to the original signal greatly.
The noise intensity σ is used in this study. The following formula estimates:
In the above formula, j d is the wavelet detail coefficient of the j layer, N is the number of the wavelet detail coefficients of this layer, δ is the empirical coefficient. Then the general threshold can be expressed as:
The most generally used threshold method is the soft threshold method, that is, the threshold value of the de-noising decomposition layer is estimated by the formulas (1) and (2), the detail coefficient of the layer whose absolute value less than this threshold is set to zero, and the absolute value greater than this threshold retain, and the estimate of the coefficients of the wavelet is obtained by a threshold function mapping.
The most important part of the wavelet de-noising algorithm is to choose decompose layers. Most of the studies are based on empirical selection of a decomposition layer of the noisy signal, however, there is a de-noising effect of the optimal number decomposition layers. When the number of decomposition layers is too large, all the wavelet coefficients are in threshold processing which will result in loss of useful information, the signal-noise ratio will decrease, and the computation of the algorithm will increase greatly. When the number of decomposition layers is small, the noise signal is not effectively removed, which also makes the signal-noise ratio decrease, so it is necessary to determine a reasonable decomposition layers. All kinds of environmental interference noise are white noise. We can see from wavelet theory that the white noise is still white noise after the wavelet transform. Therefore, we can calculate whether the wavelet coefficients of each layer have white noise characteristics, then we can determine the number of layers of wavelet decomposition.
Let the j wavelet coefficient be , （k=1，2，3… ）, where is the sequence length of the j wavelet coefficient. The definition of autocorrelation function is: , then we consider { } as a white noise sequence. The main process is that we need to test white noise on the wavelet coefficients of each layer until it can not pass the white noise detection, then we reconstruct the signal.
The Mallat algorithm used to denoise the partial discharge signal has been taken in the experiment. The result is shown in figure 4 . It can be seen from the figure 4 that the Mallat algorithm combined with the optimal decomposition level adaptive algorithm effectively removes the electromagnetic interference from the electromagnetic wave and the noise from the hardware circuit, and the signal-to-noise ratio is obviously larger than the signal-to-noise ratio without de-noising, it can ensure the accuracy of the characteristic parameters of the switchgear defect pattern recognition.
DISCHARGE PATTERN RECONGNITION OF SWITCHGEAR BASED ON BP NEURAL NETWORK Partial Discharge Signal Feature Extraction
The eight main characteristic parameters extracted in this paper are peak , pulse rise time , pulse fall time , discharge pulse width apparent discharge time , apparent discharge Q, Skewness and steepness , which describe the PD signal.
Formula as follows:
（6）
Where is the sampling point, is the mean value of , is the standard deviation of ,and E is the expected value of . We measured the data of four patterns of switchgear partial discharge characteristic parameters in the laboratory as Table 1 shows: 
BP Neural Network Discharge Pattern Recognition
ANN, which is currently used in power system fault diagnosis, is a backpropagation network. 8 It is a multi-layer feedforward neural network that regulates the weight input of the network and changes the network by error signal back propagation continuously. The expected output is closer to the actual output. This BP algorithm has excellent nonlinear approximation ability and is the most widely used in neural network.
For pattern recognition based on BP neural network, 9 the input layer is eight kinds of characteristic parameters, the output layer corresponds to four patterns of partial discharge. According to the actual discharge model, a total of 400 data are selected, and each discharge model contains 100 sets of data. 50 sets of data are used to extract the characteristic parameters weight matrix of training net for each model, and another 50 sets of data are used to test the accuracy of the model. The neural network has a very important parameter in the training process, that is the training error δ. The larger the δ value, the shorter the recognition time, the lower the recognition rate. In this paper, the training error δ is set to 0.005, 0.003 and 0.001 to get three kinds of BP network parameters. In the course of training, BP network adjusts the neuron weight according to the mean square error between the actual output and the expected output. When the maximum value of the absolute value of the actual output and the expected output error is less than the specified error δ, training ends. Table 2 shows the test results of 200 sets of data under different δ values, which indicates that the BP neural network algorithm has a recognition rate of 100%. Table 3 shows the better performance of 200 sets of data at different δ value, there are only a few identify errors. Respectively, the average accuracy recognition rate is 96%. When δ=0.001, the recognition accuracy of discharge pattern reached 98.5%. 
CONCLUSION
This paper independently design TEV sensor and establish a collection system, it proposed a new de-noising algorithm and use BP neural network to pattern recognition, the main conclusions are summarized as follows:
(1) Aiming at the problem that the traditional BP neural network uses the fixed decomposition level, a Mallat algorithm combined with the optimal decomposition level adaptive algorithm is proposed. The results show that the de-noising effect of partial discharge signal of the switchgear is very obvious. The same discharge type of signal waveform are approximately same, different types of partial discharge signals are different.
(2) Extracting eight characteristic parameters of partial discharge signals, the BP neural network algorithm is used to train and test the partial discharge model of switchgear. The result shows that when different training errors δ are used to identify the characteristic parameters of different types of partial discharge signals, the accuracy rate is slightly different, the average accuracy recognition is 96%. When δ equals 0.001, the accuracy rate reaches 98.5%.
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